ture of FeNx-TiN films was changed from that simi lar to that of FeNx films ( Fig. 1 (a) ) to that of TiN films ( Fig. 1 (d) ) depending on the Ti/(Fe+Ti), i.e., the volume fraction of each phase. The micros tructure of FeNx-TiN film could be divided into two regions from the fractured surface of the film shown in Figs. 1 (b) and (c), i.e., (1) the upper region near the surface of the film, and (2) the lower region near the substrate. The film was made up of the columnar particles and interstices between the particles were observed in the region (1), which was comparable with that of TiNx film in Fig. 1 (d) . On the other hand, in the region (2), the microstructure was rela tively dense and made up of finer particles than that in the region (1), which was comparable to that of FeNx film Fig. 1 (a) . (2) of Fig. 1 (b) , respec tively. The average composition of the film is shown in Fig. 2 (c) . We found from Fig. 2 (a) that the film in the region (1) contained excess Ti with respect to the average composition. On the other hand, that in the region (2) contained excess Fe as shown in Fig.  2 (b) . Ti excess composition in the region (1) Fig. 3 . BEI and EDS spectra in the region (2) of Fig. 1 (b) .
(a) BEI of region (2) in Fig. 1 (b) , (b) EDS spectra of the average composition, (c) EDS spectra at point (c) of (a), (d) EDS spectra at point (d) of (a). FeNx-TiN films is rate-limited by the transport of Fe (C5H5) 2 and TiCl4 to the substrate, respectively.2) Under these conditions, the grain growth is more predominant than the crystal nucleation, and only Fe and Ti atoms reaching to the surface where they are subject to crystallization contribute to the grain growth in Fe-and Ti-rich regions, respectively. Moreover Ti-rich region in the FeNx-TiN films has a tendency for columnar growth, while Fe-rich region has a tendency for dense growth. Two different growth mechanisms are corresponding to the respec tive growth mechanism of TiN and FeNx films. As a result, it follows that the upper region of the grown FeNx-TiN film has Ti-rich composition rela tive to the lower region. Moreover, the thickness of the upper region increase with respect to that of the lower region with the increase of total thickness of FeN TiN films.
Conclusion
The microstructure of iron nitride-titanium ni tride films prepared by CYD was investigated y electron microscopy in comparison with that of iron nitride and titanium nitride films. Two regions with different compositions were deposited at the initial stage of the deposition and the growth mechanisms of Fe-rich and Ti-rich regions in FeNx-TiN films were similar to those of FeNx and TiN films, respec tively.
